INTRODUCTION
Ankylosing spondylitis (AS) is a chronic inflammatory arthritis that most often affects the sacroiliac joint and spine (1) . The major clinical manifestations of AS consist of inflammatory low back pain, morning stiffness, limited spinal mobility, and extraarticular manifestations such as enthesitis and iritis. Pain in AS is usually considered as a surrogate marker for inflammatory, but it is not always parallel with actual inflammatory level (2) . Studies have illustrated that AS patients have mechanical and temperature sensation defects on the dorsum their feet, where the skin is innervated by the same spinal nerve as the lower back (3) . Additionally, evidence from magnetic resonance imaging suggests that AS patients who are experiencing chronic pain present both functional and structural brain disorder (4) . Therefore, pain in AS involves not only inflammatory components but also nociceptive and neuropathic components. This kind of mixed chronic pain could result in depression, anxiety, fear of movement, function limitation and even psychological or physical disability. Based on the complexity of pain in AS, it is not difficult to understand why non-steroidal anti-inflammatory drugs (NSAIDs) and biologics aiming to suppress inflammation do not always reduce pain effectively in many AS patients (1) .
In recent years, acceptance and commitment therapy (ACT) aiming to increase patients' acceptance of chronic pain has confirmed to be beneficial to alleviate pain (5, 6) . The notion of "pain acceptance" was first introduced by McCracken 20 years ago (7) . It refers to one's reaction and adaption to chronic pain (7) . This notion potentially encouraged people to focus their attention on living a normal life, participating in meaningful activities, and pursuing their life goals in spite of the presence of chronic pain. Studies have illustrated that patients with higher pain acceptance have more possibility to live with less psychological and physical disability (8, 9) . Since then, many studies have demonstrated that positively accepting chronic pain is an effective pain management strategy compared with traditional coping strategies (10, 11) . Some studies have suggested that the pain acceptance might be a strong predictor of psychological status and physical function in patients with chronic pain (12) (13) (14) (15) . Thus, assessing patients' chronic pain acceptance is quite beneficial for clinicians in identifying highrisk individuals and making personalized treatment decisions.
To measure the level of chronic pain acceptance, Geisser et al. developed a 34-item Chronic Pain Acceptance Questionnaire (CPAQ-34) (16) . Later, Vowles et al. revised the CPAQ-34 and conducted a 20-item version (CPAQ-20) (17) . So far, the CPAQ-20 has been validated with good reliability and validity in many countries, including China (12, 18) . However, chronic pain acceptance in AS patients remains unclear.
The objectives of this study were to investigate the correlation between chronic pain acceptance and clinical variables including disease duration, pain intensity, disease activity, activity limitations, depression, anxiety and fear of movement, and to explore the prediction role of chronic pain acceptance for biologics treatment.
METHODS

Participants
At first, 167 AS patients were recruited for the cross-sectional study. Then, another 68 AS patients initiating anti-tumor necrosis factor (TNF) treatment were recruited to explore the prediction role of chronic pain acceptance for biologics treatment. All the patients were recruited from the Department of Rheumatology and Immunology of Shanghai Changzheng Hospital from April 2016 to September 2017. Patients who had accompanying malignant tumors or other rheumatic diseases and those who were unable to comprehend and answer the questionnaires were excluded. AS was diagnosed by two rheumatologists according to the modified New York criteria (19) .
After consenting to this study, participants were given a series of questionnaires to complete. These questionnaires included a form for demographic data, the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Bath Ankylosing Spondylitis Functional Index (BASFI), Chronic Pain Acceptance Questionnaire (CPAQ), Hospital Anxiety and Depression Scale (HADS), and Tampa Scale for Kinesiophobia (TSK). The 68 patients initiating anti-TNF treatment were tested at baseline (T0) and 3 months after treatment (T3). All the participants completed the questionnaires independently. This study was approved by the Ethics Committee of Shanghai Changzheng Hospital.
Outcome Measures
Disease activity of AS was measured by the BASDAI and Ankylosing Spondylitis Disease Activity Score-CRP (ASDAS-CRP). BASDAI consists of six items associated with five major manifestations, including fatigue, axial joint pain, peripheral joint pain, localized tenderness, and morning stiffness (20) . ASDAS-CRP was calculated based on BASDAI item 2, 3, and 6, patient's global assessment of diseases activity and CRP (20) . Pain intensity was defined as the higher one among item 2 (level of axial joint pain) and item 3 (level of peripheral joint pain) of the BASDAI (20) . Patient-reported limitations in physical functions were assessed with the Assessment SpondyloArthritis international Society (ASAS)-endorsed BASFI questionnaire (21) . The level of serum CRP served as the laboratory-based inflammatory index and was acquired from patients' medical records. ASAS20 and ASAS40, which measures the percentages of patients who obtain 20 and 40% improvement from baseline to month 3, were used to evaluated the response rate of anti-TNF treatment.
CPAQ-20 was utilized to evaluate the chronic pain acceptance in AS. It is composed of two subscales: pain willingness (PW) and activity engagement (AE) (7, 8) . The PW subscale refers to the extent to which a patient trusts that trying to control the feeling of chronic pain is a necessary strategy for them to live a better life. The AE subscale refers to the extent to which a patient participates in everyday activities in spite of the presence of chronic pain. All 20 items are rated on a 6-point numerical rating scale (0 = never true, 6 = always true). The total score was calculated by summing up AE and PW, producing a score between 0 and 120. Higher scores indicate better acceptance. Vowles et al. found that the average CPAQ-20 score of chronic pain patients with low acceptance is 29.1 (Standard deviation = 10.8) (17) . Thus, standard deviation (SD) multiplied by 1.64 and then plus the average score, which is 46.8, could be used as the cut-off point to distinguish low and high acceptance. The psychometric properties of the CPAQ-20 were well-established (11, 18) . The beliefs of fear of movement were measured by the TSK questionnaire which consists of 17 items. Each item is rated from 1 (strongly disagree) to 4 (strongly agree). The total score was calculated by summing up all the items, producing a score between 17 and 68. Higher scores indicate greater fear of movement. The validity and reliability of the TSK were well-established (22) . The severity of anxiety and depression were assessed by the HADS. This 14-item questionnaire consisted of two subscales that were used to evaluate anxiety and depression (23) . Each subscale included 7 items, and each item was rated from 0 to 3. The total score of each subscale was calculated by summing up all the related items, producing a score ranging between 0 and 21. Higher score indicated more-severe anxiety and (or) depression. The CPAQ, HADS and TSK in both English and Chinese versions are supplied in the Supplementary Material.
Based on the levels of CRP and CPAQ score, all the patients were separated into four subgroups (Low CRP and low CPAQ, low CRP, and high CPAQ, high CRP, and low CPAQ, high CRP and high CPAQ). The cut-off value to define low and high CRP, low and high CPAQ were 10 mg/L and 46.8, respectively.
Statistical Analysis
The qualitative variables were presented as frequency and percentages. The quantitative variables were presented as mean and SD. Pearson correlation coefficient was utilizing to perform correlation analysis. The Kruskal-Wallis test (for continuous variables) and chi-square test (for categorical variables) were utilized to compare different variables between multiple subgroups. The Mann-Whitney U-test was subsequently used for post-hoc analyses with a Bonferroni-corrected p-value. A p-value of <0.05 was considered statistically significant. All data were analyzed using Statistical Package for the Social Science (SPSS) version 25.0 (SPSS, Inc., IBM, Chicago, USA). 
RESULTS
Descriptive Data
The 167 participants involved in the cross-sectional study consisted of 144 male and 23 females, aged 35.8 (SD = 11.2) years on average. The disease duration averaged 10.4 (SD = 7.9) years. The average body mass index was 23.6 (SD = 10.5) kg/m 2 . Percentages of patients with peripheral arthritis, enthesitis and uveitis were 30.5, 43.5 and 5.3%, respectively. In addition, 59.3% of the patients had morning stiffness. AS patients had a medium level of CPAQ, averaging at 62.4 (SD = 24.7). For clinical variables, CRP averaged at 13.4 (SD = 12.6) mg/L, while the BASDAI, BASFI, and ASDAS-CRP averaged at 3.8 (SD = 1.9), 3.9 (SD = 2.1), and 2.2 (SD = 0.7), respectively. On the HADS, anxiety averaged at 8.5 (SD = 4.6), and depression averaged at 8.4 (SD = 4.2). The TSK averaged at 36.9 (SD = 12.3) ( Table 1 ). The characteristics of the 68 patients initiating anti-TNF treatment were also shown in Table 1 .
Correlation Between CPAQ, CPAQ Subscales, and Other Variables Table 2) .
Characteristics of Groups Based on CPAQ and CRP
All 167 participants were separated into four groups according to the level of CRP and CPAQ. Subgroup analysis showed that the BASDAI and BASFI were highest in group 3 (low CPAQ and high CRP) and lowest in group 2 (high CPAQ and low CRP). Group 1 (low CPAQ and low CRP) and group 4 (high CPAQ and high CRP) were at the medium level. In addition, group 3 and group 4 had higher ASDAS-CRP than group 1 and group 2, while there were no significant differences between group 3 and group 4 as well as between group 1 and group 2. As for anxiety, depression and TSK, groups with low CPAQ (group 1 and group 3) had higher scores than groups with high CPAQ (group 2 and group 4), while there were no significant differences between group 1 and group 3 or between group 2 and group 4 (Table 3; Figure 1 ).
Effectiveness of Anti-TNF Treatment in Different Cohorts
The 68 patients initiating anti-TNF treatment were separated into four cohorts according to CPAQ and CRP at baseline as previous described ( Table 4) . Three months after treatment, CRP, CPAQ, BASDAI, BASFI, and ASDAS-CRP were calculated ( Table 4 ). There were significant differences in CRP, BASDAI, and ASDAS-CRP among multiple cohorts. Subgroup analysis showed that cohort 4 (high CPAQ and high CRP) had the highest BASDAI, while cohort 1 (low CPAQ and low CRP) had the lowest. BASDAI in cohort 2 and cohort 3 were at the medium level (Table 4; Figure 2A ). In addition, cohort 4 had higher ASDAS-CRP than cohort 1 and cohort 2, while there were no significant differences in ASDAS-CRP between cohort 3 and cohort 4 (Table 4; Figure 2B ). There were no significant differences among multiple groups in CPAQ, BASFI, ASAS20, and ASAS40 ( Table 4) .
DISCUSSION
To the best of our knowledge, this is the first study to uncover the role of chronic pain acceptance in AS. The mean CPAQ score acquired from all the 167 participants was 62.4 (SD = 24.7), which was lower than that of patients with rheumatoid arthritis, as reported by Ahlstrand et al. (24) . Thus, these findings suggest among the four cohorts.
FIGURE 2 |
The 68 patients initiating anti-TNF treatment were grouped into 4 subgroups according to the level of CRP and CPAQ. BASDAI (A) and ASDAS-CRP (B) was calculated after 3 months. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. CRP, C-reactive protein; CPAQ, Chronic Pain Acceptance Questionnaire; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; ASDAS, Ankylosing Spondylitis Disease Activity Score.
that there exist complex interactions between different diseases and patients' psychological properties. Correlation analysis revealed that chronic pain acceptance was inversely associated with pain intensity and BASFI rather than with disease duration, BASDAI, ASDAS-CRP, and CRP, indicating that CPAQ might remain stable in the long course of disease without psychological intervention, and was related with pain evaluation and physical functions of AS patients. Indeed, the pathogenesis of pain in AS is not only associated with inflammation but also with psychological factors such as pain acceptance in a great extent. Pain acceptance, as a psychological property, also tended to exert long-term effects on both the psychological and physical status of patients with AS. Thus, pain acceptance is a new tool to assess pain in AS. Without psychological intervention, pain acceptance could be regarded as a long-term stable psychological property and might not be affected by short-term fluctuations of disease. CPAQ is composed of two subscales which are AE and PW. AE had a significant correlation with disease duration and higher correlation with BASFI, indicating that patients with longer disease duration and poor physical functions were less likely to take part in everyday activities. PW had a significant correlation with ASDAS-CRP and higher correlation with pain intensity, indicating that higher willingness to control the feeling of chronic pain may lead to lower pain intensity and ASDAS-CRP. Therefore, it is necessary to advise AS patients with lower AE to participate more in proper exercise. For those with lower PW, clinicians should educate them with effective chronic pain management skills.
Correlations were also found between pain acceptance and psychological status, including depression, anxiety, and fear of movement. Lethem et al. suggested a fear-avoidance model in which avoidant behaviors of patients with chronic pain were more likely to result in anxiety or depression, while these negative emotions would further reinforce patients' fear of movement (25) . To a great extent, fear of movement could also be regarded as low level of chronic pain acceptance. Thus, it was not difficult to understand that TSK, the well-established questionnaire used to assess fear of movement, had a strong inverse correlation with CPAQ. Compared with anxiety, depression had a higher correlation with the CPAQ score. This result was consistent with previous reports and suggests that patients with lower levels of chronic pain acceptance are more likely to get into depression. Thus, clinicians should focus much on the psychological status of patients with lower levels of chronic pain acceptance. Proper psychological interventions should be given if necessary.
Based on the level of chronic pain acceptance and serum CRP, patients could be separated into four subgroups. We found that the patients with low chronic pain acceptance and high CRP levels had significantly higher BASDAI than the other groups. Thus, for clinicians, it is necessary to identify patients in this group. And psychological and pharmacological interventions are urgently needed to achieve both psychological and physical improvement.
For the 68 patients initiating anti-TNF treatment, CPAQ did not change significantly after a 3 month anti-TNF treatment. These results further suggested that the pain acceptance of patients is stable and may not change in a short period without psychological inventions. Subgroup analysis indicated that the patients with high pain acceptance and high levels of serum CRP at baseline obtained the highest BASDAI, while the patients with low pain acceptance and low levels of serum CRP at baseline obtained the lowest BASDAI. Until now, there have been no well-established tools to predict the effectiveness of biologics treatment. Although some studies have demonstrated that AS patients with a higher level of CRP at the baseline would acquire a larger improvement on the BASDAI when initiating biologics treatment (26, 27) , it is non-negligible that both physical and psychological factors could affect treatment effectiveness and CRP could be affected by many factors, such as age and infection. Our study emphasized the well-predictable role of chronic pain acceptance in combination with serum CRP, and provides new insight into patient stratification.
This study has several limitations. First, magnetic resonance imaging (MRI) was not included to define disease activity and inflammation more accurately. To date, there is no gold standard for the assessment of disease activity in AS. Sometimes CRP and BASDAI may not reflect the actual disease activity and inflammation, and MRI is mostly used for diagnostic purposes (20) . Secondly, participants in our cross-sectional study had received different treatments. Further research is needed to investigate the chronic pain acceptance of treatment-naïve patients with AS. Thirdly, in the 68 patients initiating anti-TNF treatment, we investigated the change of clinical variables only 3 months after anti-TNF treatment. Thus, it is unclear whether these changes would occur over a longer period. Finally, our study is a cross sectional study only and further longitudinal study with large sample size is needed to explore more clinical significance and application.
Taken together, we found that lower chronic pain acceptance was correlated with higher pain intensity, higher BASFI and worse psychological status in AS. Pain acceptance is a new tool to assess pain in AS which may also reflect physical and psychological status. Patients with lower levels of chronic pain acceptance and higher levels of serum CRP are more likely to have higher BASDAI. Thus, it is necessary for clinicians to identify these individuals and provide psychological and pharmacological interventions promptly. Moreover, the combination of baseline chronic pain acceptance and serum CRP level could be used to predict the treatment response in AS patients initiating biologics treatment.
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